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CEPC CDR Baseline Layout

CEPC collider ring (100km) CEPC booster ring (100km)

CEPC Linac injector (1.2km, 10GeV)

H

W and Z

CEPC as a Higgs Factory： H, W, Z, followed by a SppC ~100TeV



CEPC CDR  Parameters
  Higgs W Z（3T） Z（2T）
Number of IPs 2
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036
Crossing angle at IP (mrad) 16.5×2
Piwinski angle 2.58 7.0 23.8
Number of particles/bunch Ne (1010) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68s) 1524 (0.21s) 12000 (25ns+10%gap)
Beam current (mA) 17.4 87.9 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compact (10-5) 1.11
 function at IP x* / y* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance ex/ey (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP sx /sy (m) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters x/y 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
RF voltage VRF (GV) 2.17 0.47 0.10
RF frequency f RF (MHz)  (harmonic) 650 (216816)
Natural bunch length sz (mm) 2.72 2.98 2.42
Bunch length sz (mm) 3.26 5.9 8.5
HOM power/cavity (2 cell) (kw) 0.54 0.75 1.94
Natural energy spread (%) 0.1 0.066 0.038
Energy acceptance requirement (%) 1.35 0.4 0.23
Energy acceptance by RF (%) 2.06 1.47 1.7
Photon number due to beamstrahlung  0.1 0.05 0.023

Lifetime _simulation (min) 100

Lifetime (hour) 0.67 1.4 4.0 2.1
F (hour glass) 0.89 0.94 0.99
Luminosity/IP L (1034cm-2s-1) 2.93 10.1 16.6 32.1



CEPC High Luminosity Parameter after CDR
 Higgs (high_lum.) Z (high_lum.)
Number of IPs 2 2
Beam energy (GeV) 120 45.5
Circumference (km) 100 100
Synchrotron radiation loss/turn (GeV) 1.8 0.036
Crossing angle at IP (mrad) 16.5 16.5
Piwinski angle 4.87 18.0
Number of particles/bunch Ne (1010) 16.3 16.1
Bunch number (bunch spacing) 214 (0.7us) 10870 (27ns)
Beam current (mA) 16.8 841.0
Synchrotron radiation power /beam (MW) 30 30
Bending radius (km) 10.2 10.7
Momentum compact (10-5) 7.34 2.23
 function at IP x* / y* (m) 0.33/0.001 0.15/0.001
Emittance ex/ey (nm) 0.68/0.0014 0.52/0.0016
Beam size at IP sx /sy (m) 15.0/0.037 8.8/0.04
Beam-beam parameters x/y 0.018/0.115 0.0048/0.129
RF voltage VRF (GV) 2.27 0.13
RF frequency f RF (MHz)  650  650 
Natural bunch length sz (mm) 2.25 2.93
Bunch length sz (mm) 4.42 9.6
HOM power/cavity (kw) 0.48 (2 cell) 3.2 (1cell)
Energy spread (%) 0.19 0.12
Energy acceptance requirement (%) 1.7 1.4
Energy acceptance by RF (%) 2.5 1.5
Beamstruhlung lifetime /quantum  lifetime (min) 41           -
Lifetime (hour) 21 1.8
Luminosity/IP L (1034cm-2s-1) 5.0 101.1

* High luminosity Z's lattice is same as Higgs CDR lattice. but high luminosity 
Higgs has a new lattice than that of CDR



New RF Section Layout for CEPC

120 m288 m

48-176 m

300 m160 m

RF section length at IP2/IP4: ~ 2 km (similar to CDR)

150 m

S S

• H/W/tt use common cavities (2-cell 
for H/W, 5-cell for tt) for two beams. 
(Less than) Half  f i l led to avoid 
collision in RF section. If fully filled, 
bunch spacing should be more than 
4 km (< 25 bunches per beam). 

• Z uses separate high current 1-cell 
cavities for two beams and by-pass 
H/W/tt cavities.

• Allow seamless mode switching 
with unrestricted performance of 
each mode unti l  the power l imit 
(baseline and upgrade). Low risk.

• A few percent more cost to unleash  
CEPC potential and more flexible 
operation.Could have 80 more separate 1-cells (thus 40 less 2-cells) for W and further Z 

optimization while keep the total cell number for a reasonable H cavity gradient.
If consider ttbar switch to other modes, more bypass is needed. Booster bypass?



CEPC Linac Injector (CDR)

Parameter Symbol Unit Baseline Design reached
e- /e+ beam energy Ee-/Ee+ GeV 10 10
Repetition rate frep Hz 100 100

e- /e+  bunch population 
Ne-/Ne+   > 9.4×109 1.9×1010  / 1.9×1010

nC > 1.5 3.0
Energy spread (e- /e+ ) σe   < 2×10-3 1.5×10-3  /  1.6×10-3

Emittance (e- /e+ )  εr  nm rad < 120 5  / 40 ~120
Bunch length (e- /e+ ) σl mm 1 / 1
e- beam energy on Target   GeV 4 4
e- bunch charge on Target nC 10  10



7

CEPC Accelerator R&D Priority

1) CEPC 650MHz 800kW high efficiency klystron (80%) (No commercial 
products)

2) High precision booster dipole magnet (critical for booster operation) 

3) CEPC 650MHz SC accelerator system, including SC cavities and 
cryomules

4) Collider dual aperture dipole magnets and dual aperture qudrupoles

5) Vacuum chamber system

6) SC magnets including cryostate
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7) MDI mechanic system

8) Collimator

9) Linac components

10) Civil engineering design

11) Plasma injector

12) 18KW@4.5K cryoplant (Company)
...

SppC technology R&D

Ion based supercondcuting materials and high field magnets
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CEPC SCRF R&D Progresses

CEPC 2*2cell 650MHz cryomodule with 
beam test later

General superconducting cavity test 
cryomodule in IHEP New SC Lab 

SC cavity vertical test temperature monitor 
system established

General superconducting cavity test 
cryomodule in IHEP New SC Lab 

1.3GHz fine grain single 
cell:
1) 45.6MV/m
2) 43MV/m@Q01.3×1010

( 2020-12-25 at IHEP)



IHEP 650MHz 2cell and 1.3 GHz 9-cell Cavities

Booster 1.3GHz 9 cell cavity

Collider ring 650Mhz 2 cell cavity

650 MHz 2-cell cavity reached 6E10@22MV/m after N-infusion, which has exceeded CEPC Spec （Q=4E10@Eacc=22MV/m）. 



IHEP New SC Lab under Construction (Status in Nov. 2019) 

Crygenic system hall in Jan. 16, 2020

New SC Lab Design (4500m^2)
SC New Lab will be available in 2021



CEPC 650MHz High Efficiency Klystron Development

• 2016 – 2018： Design conventional & high efficiency 
klystron

• 2017 – 2018：Fabricate conventional klystron & test
• 2018 - 2019 ：Fabricate 1st  high efficiency  klystron & test
• 2019 - 2020 ：Fabricate 2nd high efficiency  klystron & test
• 2020 - 2021 ：Fabricate 3rd high efficiency  klystron & test

Parameters Conventional
efficiency

High 
efficiency

Centre frequency (MHz) 650+/-0.5 650+/-0.5

Output power (kW) 800 800

Beam voltage (kV) 80 -
Beam current (A) 16 -
Efficiency (%) ~ 65 > 80

Established “High efficiency klystron collaboration consortium”, including IHEP & 
IE(Institute of Electronic) of CAS,  and Kunshan Guoli Science and Tech. 

 On March 10， 2020，the first 
CEPC650Mhz klystron output 
power has reached pulsed power 
of 800kW (400kW CW due to 
test load limitation), efficiency 
62% and band width>+-0.5Mhz. 



CEPC Collider Ring dual Aperture Dipole, 
Quadrupole and Sextupole Magnet Design Progress

不

锈

钢

冲

片

1

DT
4
补

偿

块

冲

片

2

冲

片

2
冲

片

1

截

面

图

三维模型

First dual aperture quadrupole magnet has been 
fnished in Nov, 2019

First dual aperture dipole 
test magnet of 1m long
 has been fnished in Nov, 
2019

The mechanical design of a full 
size CEPC collider ring dual 
aperture dipole of  5.7m long has 
been designed and be fabricated 
at the end of 2020.



Two kinds of the dipole magnet with diluted iron cores and without iron core (CT) are proposed and designed

Booster High Precision Low Field Dipole Magnets

The first 1m long test booster 
dipole magnet with iron core, 
completed in Nov. 2019, and 
not yet reached design goal, 
improvement is under way

1m long CT test booster 
dipole magnet without iron 
core completed in Oct. 
2019, and the test result 
shows that CT design 
reached the design goal.

The improved model is 
under test

A full scale CT dipole magnet of 5.1m long is under design,
and fabrication will be completed at te end of 2020 



CEPC Vacuum System R&D

Copper vacuum chamber 
(Drawing) elliptic 7556,
 thickness 3, length 6000)

Positron ring 
N E G  c o a t i n g 
suppresses electron 
mul t ipact ing  and 
b e a m - i n d u c e d 
pressure  r i ses ,  as 
w e l l  a s  p r o v i d e s 
extra linear pumping.  
D i r e c t  C u r r e n t 
M a g n e t r o n 
Sputtering systems 
for NEG coating was 
chosen.

u The vacuum pressure is 
better than 2 x 10-10 Torr

u Total leakage rate is less 
than 2 x 10-10 torr.l /s. Two 6m long 

vacuum 
chambers 
both for copper 
and aluminum



SPPC Parameter Choice and Comparation
CDR



General Layout of SPPC

• Length of each section at present:

• 8 arcs, total length 83400 m 

• 2 IPs for pp, 1500 m each

• 2 IRs for injection or RF, 1250 m each

• 2 IRs for ep or AA, 1250 m each

• 2 IRs for collimation( ee for CEPC ）, 4300 m 
each

• C = 100 km

ARC FODO cell structure

β(
m

)

SppC ARC
 lattice

SppC interaction 
region lattice



SppC Injector Chain



Compatibility of CEPC and SppC at the IP1 and IP3

• The compatibility at the IP1 and IP3 need to be fixed
– A long section of SPPC at IP1 and IP3 is used for combining the transverse and momentum 

collimation in the same section.
– SPPC locates outside and is longer than CEPC at this region (SPPC 4.3km, CEPC 3.32km)
– Geometry of CEPC kept, adjust the SPPC’s

• No solutions of bypass with collimation=4.3km,  B=12 T
– Solutions can be found with stronger bends or shorter collimation sections which means a 

different design of SPPC collimation section
Length of bypass  with B≤ 20 T, Lcol ≤ 4.3 
km

two solutions

CEPC IR

SPPC collimation

CEPC-SppC
compatibility relation 
between collimation 
section length and 
SppC dipole maximum 
field has been found!
CEPC and SppC could 
be compatible in the 
same tunnel



Test of the 1st IBS solenoid coil at 24 T and 
the 1st IBS racetrack coil at 10 T

25T-HM, RT bore Φ38 mm 

Very good 
performance!

Demonstrating 
that IBS are very 

promising for 
high-field magnet 

applications

Supercond. Sci. Technol. 2020, in pressSupercond. Sci. Technol. 32 (2019) 04LT01

Status of the High Field Dipole Magnet R&D-2 



After  more than 1 month test and training at 4.2K, both apertures reached the 
design current and ultimate current, and the field quality is within the limit.

The 1st prototype CCT magnethas been sent to CERN. A good start for the 
12 units series production. 21

China will provide 12+1 units CCT superconducting magnets for the HL-LHC project

China-CERN HL-LHC CCT Project



Established in Nov. 7 , 2017

CEPC Industrial Promotion Consortium (CIPC) Collaboration Status

1) Superconduting materials (for cavity and for magnets)
2) Superconductiong cavities
3) Cryomodules
4) Cryogenics
5) Klystrons
6) Vacuum technologies
7) Electronics
8) SRF
9) Power sources
10) Civil engineering
11) Precise machinary.....

CIPC Annual Meeting, July 26 , 2018

Now: 
-Huanghe Company,Huadong Engineering 
Cooperation Company,on CEPC civil engineering 
design, site selection, implementation...
-Shenyang Huiyu Company on CEPC MDI 
mechanical connection design
-Zhongxin Heavy Industry on Elecletric-
magnetic seperator design
-China Astronotics Department 508 Institute
on CEPC MDIsupporting design and CEPC magnets 
mechanical designs...
-Kuanshan Guoli on CEPC 650MHz high 
efficiency klystron
-Huadong Engineering Cooperation Company,on
CEPC alignement and installation logistics...



Thanks go to CEPC-SppC team, CIPC and 
international partners and colleageus
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CEPC submissions to Snowmass21

*Both documentshave been submitted by J. Gao, IHEP, gaoj@ihep.ac.cn

Including SppC and siting 

Collider Design
SCRF
Klystron
Linac+plasma 
accelerator injector
Cost

LOI
Technologies



Summary
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• CEPC  R&D efforts towards TDR progress well with such as klystron, SCRF, magnets, 
vacuum system, etc. with the aim to complet TDR before 2023

•  SppC high field SC magnets R&D and LHC-HL CCT magnets fabrication were carried out 

• CEPC international collaboration and collaboration with industries go well

• CEPC LOI for AF of Snowmass21 has been submitted and online on June 29, 2020 at: 
https://www.snowmass21.org/docs/files/?dir=summaries/AF

• CEPC Accelerator Technologies Documents to Snowmass2021 AF7 has been submitted
    on July 21, 2020

 



Thanks go to CEPC-SppC team, CIPC and 
international partners and colleageus
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